often report decreased performance and less enjoyment of social activities. 1, 2, 5 Compared to adults without insomnia, those with chronic insomnia were less likely to report excellent or good ability to accomplish tasks, enjoy relationships, handle minor irritations, and concentrate. 5 In a recent survey, 1 women reported that sleep problems reduced performance and enjoyment of daily activities 25% to 50% of the time. 1 Quality of life and general physical well-being also were less often reported as excellent or good by chronic insomniacs. 2 Insomnia is a multidimensional concept most often associated with complaints of difficulty falling asleep, multiple nighttime or early morning awakenings, and less overall satisfaction with sleep. In the United States, recent surveys 1,2 indicated that 33% to 41% of adults reported insomnia. In these surveys, the most frequently reported symptoms of insomnia were nonrestorative sleep 1 and feeling drowsy or tired in the morning. 2 Self-reported daytime dozing has been reported to occur twice as often in individuals with insomnia compared to those without insomnia. 3 A large epidemiological study reported that daytime sleepiness was a significant problem in insomnia, 4 although evidence from other studies showed that chronic insomnia was associated with indicators of hyperarousal. 6-8 Individuals with chronic insomnia may nap because they feel tired or fatigued from poor nighttime sleep or the physiological effects of being hyperaroused. They may also have developed a habit of taking naps during the day that subsequently has negative effects on nighttime sleep quality.
INTRODUCTION

MORE THAN ONE-THIRD OF ADULTS WORLDWIDE COMPLAIN OF INSOMNIA, AND ITS
IMPACT ON DAY-TIME FUNCTIONING CAN BE PERVASIVE. [1] [2] [3] [4] Individuals with chronic insomnia often report decreased performance and less enjoyment of social activities. 1, 2, 5 Compared to adults without insomnia, those with chronic insomnia were less likely to report excellent or good ability to accomplish tasks, enjoy relationships, handle minor irritations, and concentrate. 5 In a recent survey, 1 women reported that sleep problems reduced performance and enjoyment of daily activities 25% to 50% of the time. 1 Quality of life and general physical well-being also were less often reported as excellent or good by chronic insomniacs. 2 Insomnia is a multidimensional concept most often associated with complaints of difficulty falling asleep, multiple nighttime or early morning awakenings, and less overall satisfaction with sleep. In the United States, recent surveys 1, 2 indicated that 33% to 41% of adults reported insomnia. In these surveys, the most frequently reported symptoms of insomnia were nonrestorative sleep 1 and feeling drowsy or tired in the morning. 2 Self-reported daytime dozing has been reported to occur twice as often in individuals with insomnia compared to those without insomnia. 3 A large epidemiological study reported that daytime sleepiness was a significant problem in insomnia, 4 although evidence from other studies showed that chronic insomnia was associated with indicators of hyperarousal. [6] [7] [8] Individuals with chronic insomnia may nap because they feel tired or fatigued from poor nighttime sleep or the physiological effects of being hyperaroused. They may also have developed a habit of taking naps during the day that subsequently has negative effects on nighttime sleep quality.
Current clinical guidelines for the diagnosis of insomnia include an assessment of daytime sleepiness. 3, 4 Subjective reports of daytime drowsiness or reduced alertness, fatigue, and nap behavior are included in this assessment. 3 Nap behavior may be indicative of sleepiness in that individuals with severe daytime sleepiness were five times more likely to nap compared to those with no daytime sleepiness. 9 Although there is evidence from large surveys that adults with insomnia also complain of daytime sleepiness, 10 nap behavior has been studied little in insomnia. Since we had daily logs of sleep-wake behavior from a previous field study of sleep in women with insomnia, we undertook a secondary analysis to describe nap behavior and explore relationships between nap behavior and nighttime sleep. We had previously obtained a sleep history, along with prospective daily selfreports of daytime functioning (alertness, restfulness, tiredness), sleep quality, and nighttime polysomnograhic (PSG) sleep in a field study of women with and without self-reported insomnia. Although the women had been asked to refrain from taking daytime naps, if they were unable to do so, they were instructed to record naps in the daily diary, and some women reported nap behavior during the study. In this secondary analysis, we described the nap history of these women and the number of selfreported naps during the study. Further, we examined the relationships among nap history and frequency, measures of subjec-tive and objective insomnia, and self-reported daytime sleepiness.
METHODS
Subject Screening Procedures
Midlife women between 40 and 55 years of age were recruited for the original study. Women were selected for study because, as of 1990, there were few sleep studies of midlife women reported in the literature. In addition, the occurrence of insomnia in women has been reported to increase from 20% to 40% between the ages of 40 and 54 years. 11 Women with (n=101) and without (n=30) self-reported insomnia participated in a home sleep study for six days. Women were recruited for the study from the local community with flyers placed on bulletin boards, and advertisements in community newspapers and women's health newsletters. Initial study eligibility was ascertained during a telephone-screening interview. Women were excluded from the study for current or past major medical or mental illnesses, medication use (except hormone replacement for menopausal symptoms), and night shift work. Women were asked to refrain from taking hypnotics and sedatives at least two weeks prior to participating in the study. Women had to report either good sleep (recruited as controls) or insomnia (complaint of difficulty sleeping for at least three months) to be eligible for the study. If a woman denied insomnia yet answered "yes" to screening questions such as "are you presently having sleep problems," she was excluded.
Self-reported Insomnia Screening Criteria
After the initial telephone screening, the women with selfreported insomnia were mailed a 14-day sleep log. This log was completed by the women prospectively, returned by mail to the project staff, and used to document self-reported insomnia during the two week interval. Criteria for self-reported insomnia [12] [13] [14] were as follows: (a) three nights per week of self-reported overall sleep quality rated as "poor" or "very poor"; and (b) one of the following: (i) sleep latency greater than 20 minutes at least three nights per week, (ii) at least two awakenings during the night, three nights or more per week, or (iii) early morning awakenings at least two times per week.
Procedures
Approval for this study was obtained from the Human Subjects Review Committee at the University of Washington. After women gave informed consent and during an interview session at the School of Nursing Sleep Research Laboratory, sleep history and demographic questionnaires were completed. Procedures for home sleep recordings and daily symptom diary completion also were explained in detail. Women were scheduled for the sleep study between days 4 to 12 of the menstrual cycle. Lastly, at the onset of the study, women were instructed: "We ask you not to nap during the study. If you are unable to refrain from napping, record in the spaces provided in the daily diary the starting and ending times for your nap."
Home Sleep Recordings
PSG was carried out for six consecutive nights in each woman's home. On each night a research assistant applied electrodes and set up the portable sleep recording equipment two hours prior to the woman's usual bedtime. PSG was recorded with a portable sleep acquisition system [Oxford Instruments Sleep Analyzing Computer System (SAC), Clearwater, FL]. Electrodes for recording the electroencephalogram (EEG), the electro-oculogram, and the electromyogram were placed according to established standards. 15 To reduce electrical 60-cycle signal interference, an additional ground electrode was placed on the woman's forehead. Women also were requested to avoid the use of electrical equipment near the bed, especially alarm clocks with motors and electric blankets. The women were instructed on how to initiate and stop the recording, to disconnect and reconnect the cable from the junction box if they had to get up during the night, and to remove the electrodes in the morning. Night 1 was considered adaptation. Data from Nights two through six were used for this secondary analysis.
Sleep Stage Scoring
Sleep was scored in 30-second epochs with a combined computer and human scoring protocol. The first pass sleep scoring was performed by the SAC system (versions 8 and 9.3). The computer-generated scores were reviewed and scored visually by sleep laboratory staff trained to score sleep according to standard criteria. 15 Inter-rater reliability of >90% for sleep scoring is the lab standard. Sleep records used for data analysis in this study were screened for the presence (+) or absence (-) of EEG evidence of arousal in association with episodes of sleep apnea (a 10-second or longer interval from the end of respiratory exhalation to the "beginning" of the next inhalation) and periodic leg movements (muscle activity of the tibialis lasting 0.5 to 5 seconds associated with at least three consecutive events, with an inter-event interval between 4 and 90 seconds). Based on these criteria, no subjects were excluded from the secondary analysis. 
Sleep Variables
Daily Diary
Women completed a diary each day prior to the sleep record-ings. The diary contained questions related to sleep quality, morning alertness, morning restfulness, tiredness, and nap behavior. Sleep quality was rated on a five-point scale from (1) "very good" to (5) "very poor" in response to the statement "overall my sleep was. . ." Morning alertness (alertness) was rated on a five point scale from (1) "very drowsy" to (5) "very alert" in response to the statement "upon awakening this morning I felt." Morning restfulness (restfulness) was rated on a four-point scale from (1) "very rested" to (4) "quite tired" in response to the statement "over this morning I felt. . ." Symptoms, including tiredness, were rated on a five-point scale from (0) "not present" to (4) "extreme" in response to the statement "how you felt today." Test-retest reliabilities of these scales controlling for stability of the phenomenon being measured were calculated for sleep quality (r=.55), alertness (r=.44), restfulness (r=.30), and tiredness (r=.83). Data were consistent with the assumptions required by the methods of Heise. 17 The values used in the analysis for sleep quality, morning alertness, morning restfulness, and tiredness were calculated as a mean of days 2 through 6. Although all women were requested not to nap during the study, space was provided for recording the start and end times for a maximum of two naps per day. Thus, a woman could have recorded a maximum of ten naps over the five days of the study. The time of day the nap session occurred were grouped into three time periods: morning (06:00 to 12:00), afternoon (12:01 to 17:00) and evening (17:01 to 24:00).
Nap History
Items from the sleep history form were used to gain information about nap history (frequency and duration) and usual daytime sleepiness during the three months prior to the field study. Daytime sleepiness was rated on a five-point scale from (1) "none" to (5) "extremely" in response to the question "how much difficulty do you have with sleepiness in the daytime (feeling sleepy or struggling to stay awake)?"
Data Analysis
For this secondary analysis, women were placed into groups based on self-reported nap behavior during the study. Women with at least one nap session reported on any day of the study were placed in the napping group; those without any reported nap sessions during the study were placed in the non-napping group. Nap duration was determined from the start and stop times of each nap session recorded in the diary and reported in minutes. In the event, a woman reported more than one nap/day, the amount of time in minutes for each nap was summed to calculate nap duration for that day.
A total of 645 nights of PSG data were available for analysis. Day 1 preceded Night 1; both were considered adaptation and not used in the analysis. PSG data from consecutive nights (e.g., Nights 2, 3, 4, or Nights 3, 4, 5, or Nights 4, 5, 6) were used when available. There were a minimum of three, to a maximum of five, nights of scored PSG data summarized into sleep variables (as described previously) and averaged over the nights available for each woman.
Statistical tests used for analysis were selected based on variable type and after examination of the distribution of the data/variable and a determination of whether the assumptions for parametric tests were violated. The chi-square statistic was used to test differences in ethnicity, marital status, nap history, menopausal status, employment, and self-reported insomnia between the women in the napping and non-napping groups ( Table 1) . The Kruskal Wallis test was used to examine differences in daytime symptoms, age, body mass index, education (Tables 1 and 2) , and sleep variables between women in the napping and non-napping groups ( Moment Correlation test was used to describe potential relationships regarding nap duration with sleep quality, alertness, restfulness, and tiredness. The Mann-Whitney U test was used to examine differences in the number and duration of naps among women who napped based on whether sleep efficiency was above or below the PSG criteria of insomnia (<85%). Significance levels for all tests were set at p≤0.05.
RESULTS
Sample Clinical Characteristics and Nap History
The characteristics of the women in the self-reported napping and non-napping groups are summarized in Table 1 . The majority of women in the study were Caucasian but the proportion of non-Caucasian (Asian/Pacific Islander, African American, Hispanic, Native American) women was significantly greater (χ 2 =6.31, p=.01) in the napping group (23%) than the non-napping group (7%). Forty-five percent of the women with selfreported insomnia at the time of entry into the study reported nap behavior at least once during the study, but there were no differences in the proportions of women with self-reported insomnia in the napping and non-napping groups ( Table 1) . Examination of the descriptive statistics revealed no differences in age, body mass index (BMI), education, employment, menstrual, or marital status between women in the napping and non-napping groups.
Information about nap history during the three months prior to entering the study was obtained from the sleep history form with complete data available from 82 of the 131 women in the study (Table 1) . Fifty percent (n=41) of these 82 women reported a history of daytime nap behavior with a mean nap duration of 38 minutes. Eighty-three percent of women in the napping group reported a history of daytime nap behavior compared to 26% of women in the non-napping group.
Nap Frequency and Duration in the Napping Group
Nearly one-half (47%, n=61) of the 131 women studied reported nap behavior during the six days of the study. The majority of the women reported one or two nap sessions. One woman reported nap behavior on each day of the study. Mean nap duration/day was 60 minutes and it increased over the duration of the study. For example, mean nap duration was 41 minutes on Day 3 and 76 minutes on Day 6. There were no significant differences (χ 2 =.99, p≤.32) in mean nap duration/day among women who reported one nap (60 minutes) compared to those who reported more than one nap (63 minutes). Additionally, there were no significant (Z=-.64, P=.52) differences in mean PSG sleep efficiency (averaged for nights 2 to 6) between women who reported one nap (85%±5%) and women who reported more than one nap (86%±6%) during the study. Most (50%) naps were reported in the afternoon (12:01 to 17:00) with nearly equal reports of morning (26%, 06:00 to 12:00) and evening (24%, after 17:00) naps.
Relationship of Nap History to Nap Behavior during the Study
A strong relationship was observed between a history of napping and whether or not women napped during the study (χ 2 =25.63, p≤.0001). Among all women, the mean weekly nap frequencies reported retrospectively (by history, two to four days/week) and concurrently (by diary, four days/week) were similar. However, women in the napping group reported a history of significantly (χ 2 =34.8, p≤.0001) more daytime nap behavior compared to women in the non-napping group (Table 1) . 
Sleep Quality and Nap Behavior during the Study
There were no significant differences in self-reported sleep quality between women in the napping and non-napping groups (Table 1 ). There also were no differences in any of the PSG sleep variables between groups ( Table 3 ). The women in the napping group were divided into two sub-groups 13,18 based on PSG sleep efficiency (<85%=insomnia, n=22; ≥ 85% = no insomnia, n=39). There were no statistically significant differences (z=.23, p=.82) in the number of naps between women (1.8±.9) with and women (1.9±1.2) without objective evidence of insomnia. There were no statistically significant differences in the duration of reported naps between women with (47±29 minutes) and without (70±48 minutes) objective evidence of insomnia (z=-1.83, p=.07).
Nap Behavior and Daytime Symptoms
Among all women, those with a nap history reported significantly more daytime sleepiness compared to those without a nap history (χ 2 =5.7, p≤.02). Furthermore, a history of daytime sleepiness was strongly associated with nap behavior during the study (χ 2 =18.05, p≤.001).
There were no differences in restfulness, alertness, or tiredness between the women in the napping and non-napping groups (Table 1) . Among women in the napping group, there was a low statistically significant correlation between nap duration and tiredness (r=. 25, p≤.05). This finding could indicate that women with more tiredness reported a longer mean nap duration. However, there were no significant (p≤.22) correlations between nap duration and sleep quality (r=.23), alertness (r=-.15), or restfulness (r=.22) in this group.
DISCUSSION
In this secondary analysis of data derived from a field study of sleep in midlife women with and without insomnia, a large number of women reported that they took naps during the study. To our knowledge, this is the first report to describe nap behavior in midlife women with self-reported insomnia that was verified by PSG. Women who were accustomed to taking naps could use them as a way to compensate for too little sleep during the nighttime and because they were tired chronically. Women who typically reported nap behavior by history were likely to report naps during the study. In addition, a history of daytime sleepiness was highly associated with a history of napping and with nap behavior during the study. Although daytime functioning, including assessment of indicators of sleepiness, is a part of a thorough evaluation of insomnia, the idea that adults with insomnia experience daytime sleepiness reflects a shift from the prevailing view of insomnia. Many sleep scientists and clinicians consider that individuals with insomnia are hyperaroused throughout a 24-hour day and patients complain more of difficulty with nighttime sleep and daytime fatigue, than of sleepiness. 6, 12, 19, 20, 21 However, since some women with insomnia reported naps, this observation could be indicative of sleepiness or an inability to stay awake.
Women were asked not to nap, but were also granted permission to take naps if they could not refrain from doing so, and space was provided in the diary for recording a maximum of two naps each day. Given that some women may have adhered to the request not to nap or took naps but did not report them in the diary, the frequency of nap behavior may be underrepresented in this study. Based on the observation that 83% of the women in the napping group had a history of nap behavior, we have confidence that many of the women who took naps reported them in the diary. The use of actigraphy in conjunction with a sleep and activity log could be used to verify nap behavior and adherence to instructions not to nap. The proportion of women that reported daytime naps by history or by daily diary entries during the study were similar to prior reports of nap behavior in healthy adults (7%-65%). 10 However, the incidence of daytime nap behavior by history in this study (50%) was higher than that of prior reports (31%-42%) in adults with and without insomnia. 1, 2 The proportion of women with insomnia also was higher in this study and in a study reported by Roth & Ancoli-Israel 8 compared to the proportion reported in the Women and Sleep Poll. 1 These differences could be explained by methods used to obtain the information (self-administered questionnaire vs. telephone survey) 1, 5 or by different criteria used to determine insomnia.
The frequency and duration of naps reported by women in this study were similar to data from prior reports of nap behavior in healthy adults. 10 A published review found that the frequency of nap behavior in healthy adults ranged from 1.6 to 1.9 naps/week (retrospective data) and 0.9 to 3.0 naps/week (prospective data). 10 Similarly, we found women on average reported one to four naps per week. However, a more recent study of women with and without self-reported insomnia found naps occurred less frequently (at least once during a two-week span). 1 In the current study the mean nap duration reported by history (0.6 hour) and by diary (one hour) fell into the ranges previously reported (0.7 to 1.5 hours, by history; 0.6 to 1.6 hours by log). 1, 10, 22 Recent reports further substantiate these findings with a mean nap duration of 0.9 hours (prospective data) in healthy young adults 19 and one hour (survey data) in women with and without insomnia. 1 We did not find any differences in employment status between the napping and non-napping groups in this study. Although being unemployed, working in the home, or being on vacation during the study may have provided more opportunities for nap behavior, we only had data on whether the women were employed or unemployed; thus limiting analysis on employment status and nap behavior. Future studies could be designed with a diary entry of employment status (i.e., working, vacation) for each day of the study to more clearly understand the influence of employment status on nap behavior and insomnia.
Although the numbers of women were small, the observation that more African Americans and Asian/Pacific Islanders were in the napping than the non-napping group could indicate a cultural influence on nap behavior. These findings are consistent with reports of napping by people in some Asian countries during the hot summer months. 23, 24 However, data on country of origin was not obtained from the women in the original study. A prospectively designed study to examine nap behavior and nighttime sleep in adults from different ethnic groups could increase knowledge about cultural influences on nap behavior and insomnia.
The effect of nap behavior on nighttime sleep is controversial. Some investigators suggest that daytime naps interfere with nighttime sleep and others do not. In the current study, there were no significant differences in PSG data between the women in the napping and non-napping groups. Furthermore, in support of a previous report, 10 we found nap behavior had no effect on total sleep time. Unlike the report by Ohayon et al., 9 we did not find an association between nap behavior and increased daytime sleepiness in women with low sleep efficiency scores. In our study, there were no differences in mean sleep efficiency between women in the napping and non-napping groups, although some women in each group had sleep efficiency scores that fell below the 85% commonly used as an indicator of objective insomnia.
As a secondary analysis, this study had limitations. First, no definition of a nap was provided to the women and they potentially defined a nap differently. Second, sleep history forms were missing from some of the women and the association between a history of napping and with nap behavior during the study could be underrepresented by these data. Third, although we gathered data on employment status, in the original study we did not assess the amount of time the women had available to nap during the day. Fourth, although we found more nap behavior among nonCaucasians, the numbers are too small to provide analysis of these data in more detail. Culture and ethnicity have important influences on human behavior and further studies of nap behavior in insomnia are warranted. Lastly, mean nap duration of women increased over the course of the study. This observation suggests that some women may be chronically sleepy or they may have found it more difficult to refrain from napping given the demands of a six-day protocol.
In conclusion, in a six-day field study of sleep in midlife women with and without insomnia, despite a request not to nap, many women reported nap behavior. Further, there were a greater proportion of African Americans and Asian/Pacific Islanders in the napping group than in the non-napping group indicating a potential influence of culture on nap behavior. Habitual nap behavior may be a reflection of daytime sleepiness, cultural influences, or employment status and opportunity to nap, but it is not necessarily related to commonly used subjective or objective measures of insomnia. Although indicators of subjective or objective insomnia and nap behavior during the study were not associated, this does not rule out the possibility that some aspect of sleep physiology was unsatisfactory and contributed to daytime tiredness and sleepiness. Women who routinely nap may be unable to refrain from napping during the daytime in long-term research studies. These findings underscore the importance of using more than self-report measures to study sleep behavior and monitor daytime activity. Further, although studies in the home may be more convenient for women, these studies could still interfere with nighttime sleep and contribute to daytime sleepiness and nap behavior over the course of a six-day PSG study protocol.
